Data from the Ontario Farm Family Health Study were analyzed to determine whether smoking, caffeine, or alcohol use among men and women affect fecundability (the monthly probability of conception). In this retrospective cohort study of farm couples in Ontano, Canada, the farm operator, husband, and wife completed questionnaires during 1991-1992, yielding information on 2,607 planned pregnancies that had occurred over the previous 30 years. Fecundability ratios were calculated using an analog of the Cox proportional hazards model. Cigarette smoking among women and men was associated with decreased fecundability (fecundability ratio = 0.90, 95% confidence interval (Cl) 0 82-0.98 and fecundability ratio = 0.88, 95% Cl 0.81-0.95, respectively). Caffeine consumption of 100 mg or less versus more than 100 mg in women and men was not associated with fecundability (fecundability ratio = 0.98, 95% Cl 0.91-1.07 and fecundability ratio = 1.05, 95% Cl 0.97-1.14, respectively). Decreases were observed among women who were coffee drinkers (fecundability ratio = 0.92, 95% Cl 0.84-1.00) and men who were heavy tea drinkers (fecundability ratio = 0.85, 95% Cl 0.69-1.05), regardless of caffeine content. Alcohol use among women and men was not associated with fecundability. These data are consistent with previous studies of the adverse effect of tobacco on fecundability in female smokers and suggest an effect of smoking among males. Continued evaluation of coffee and tea is warranted to address constituents other than caffeine. Am J Epidemiol 1997;146:32-41. alcohol dnnking; caffeine; fertility; smoking While much research has been done on the development of reproductive technologies to overcome infertility, relatively little work has considered personal exposures that may lead to delayed conception or infertility. Behaviors such as cigarette smoking, caffeine consumption, and alcohol intake, which have been examined in relation to a variety of health outcomes, are beginning to be investigated in relation to infertility. Fecundability, the monthly probability of conception, is a reproductive endpoint that can indicate adverse effects on a wide range of reproductive processes, from gametogenesis to survival of the conceptus up to the time of detection (1). Time to pregnancy, defined as the number of menstrual cycles it takes for a couple to conceive, can be used to assess fecundability (1).
Previous studies have generally found an association between female smoking and prolonged time to pregnancy (2-9), but no association for male smoking (5, 7, (9) (10) (11) . Studies of caffeine use among women have found both decreased fecundability (12) (13) (14) (15) and no association (11, 16) , while studies examining male caffeine use have not found an association with fecundability (11, 13) . No associations between alcohol use and fecundability have been found (3, 5, (11) (12) (13) 17) . Limitations of some of these studies include failure to examine dose-response gradients and lack of control of spouse's behaviors.
We analyzed data from the Ontario Farm Family Health Study to investigate the associations of cigarette smoking, caffeine consumption, and alcohol intake with decreased fecundability. This large study provides a comprehensive evaluation of male and female exposure in a population with a relatively homogenous sociodemographic profile. Exposure information, including level of exposure, from both women and men was examined, as well as possible interactions between the exposures of men and women.
MATERIALS AND METHODS
The Ontario Farm Family Health Study is a retrospective cohort study designed to address the relation between pesticides and reproductive health. The sampling frame consisted of all farms in Ontario, Canada, according to the 1986 Canadian Census of Agriculture, and was restricted to grain farms and fruit and vegetable farms (18) . Tobacco farms, nonfamily farms, and farms that reported less than $50,000 annual sales were excluded. Each farm operator was contacted to enumerate eligible couples (married or common law) living on the farm, in which the woman was age 44 years or younger as of January 1, 1991. Questionnaires were sent to all eligible farm operators and farm couples during 1991-1992, with telephone follow-up of nonrespondents. Demographic, health, and reproductive history information were collected from the husband and the wife.
Only "planned" pregnancies were selected for this analysis, defined as those for which the woman reported 1) not using any form of birth control when she became pregnant; 2) the method of birth control that the couple had discontinued before they began trying to become pregnant; and 3) the number of months it took to conceive. In addition, planned pregnancies were excluded if fertility drugs had been used; if the date of starting to try to conceive occurred more than 1 year before the date of marriage, making it unclear whether the current husband was also the father; or if there were missing or invalid data for time to pregnancy (e.g., the reported time to pregnancy overlapped with a previous pregnancy). Exclusions were not made on the basis of pregnancy outcome.
Time to pregnancy was ascertained for each pregnancy, on the basis of the following question, which was asked only of women who had stopped using all birth control before they became pregnant: "Approximately how many months or menstrual cycles (from the month or cycle you stopped using birth control) did it take you to become pregnant (months/cycles)?" Reported time to pregnancy values of zero months and 1 month were combined, since either presumably indicated conceptions that occurred in the first month of trying.
A lifetime cigarette smoking history was available for men and women, including whether the respondent had ever smoked, current smoking status, number of cigarettes smoked per day, number of years smoked, and, for ex-smokers, year quit. These variables were used to determine whether the respondent smoked during each interval of trying to conceive and, for smokers, the amount smoked. Ex-smokers (those who had quit smoking as of the year they started trying to conceive) were treated as nonsmokers in the analyses, except in the analysis that examined ex-smokers specifically.
Information on consumption of coffee and tea (both caffeinated and decaffeinated) and colas (assumed to be caffeinated) at the time of the questionnaire was collected from men and women. For caffeinated beverages, "cups per day" was converted to amount of caffeine: one cup of coffee contains 100 mg caffeine, one cup of tea contains 50 mg of caffeine, and one 12-ounce (354.8-ml) cola contains 40 mg of caffeine (13) .
Questions about glasses per week of beer, wine, and liquor were asked of men and women for the time they were first married as well as during the year prior to the questionnaire. A time-weighted linear interpolation of these data was used to estimate the usual consumption for each interval of trying to conceive. For example, if a man reported drinking two glasses of beer per week when he answered the questionnaire and four glasses of beer per week when he had married 10 years earlier, his estimated beer consumption would be three glasses per week when he tried to conceive after 5 years of marriage. Glasses per week was converted to amount of alcohol assuming: 0.60 ounce (17.7 ml) of alcohol per glass of beer, 0.46 ounce (13.6 ml) per glass of wine, and 0.50 ounce (14.8 ml) per 1.25-ounce (37.0-ml) serving of liquor (19) .
Potential confounders, ascertained separately for women and men, included age when beginning to try to conceive, ethnicity, education, income, pesticide exposure, childhood exposure to cigarette smoke, diseases or drugs that may affect fertility, and working at a hazardous job off the farm. Other potential confounders pertaining only to the women included recent pregnancy, the method of contraception discontinued when the couple began trying to conceive, body mass index (kg/m 2 ), and gestational age at pregnancy diagnosis (weeks). Two potential confounders, oral contraceptive use as the method of contraception discontinued when the couple began trying to conceive ("recent oral contraceptive use") (4) and recent pregnancy (within 200 days), have transient effects on fertility; various approaches were tried to correctly model these effects. (Less then 1 percent of this population reported ending breastfeeding immediately before starting to try to conceive.) Potential confounders that changed the crude association by more than 5 percent were controlled for in the multivariable analysis. Strong determinants of decreased fecundability (women's and men's smoking and advanced maternal age) were considered as potential effect modifiers for models in which these variables were not the main exposure.
Analysis was performed using an analog of the Cox proportional hazards model, modified for discrete time, since months of time to pregnancy only takes on Am J Epidemiol Vol. 146, No. 1, 1997 discrete values (17, 20) . Instead of a hazard, the model estimates fecundability. All models included a changing baseline fecundability by month to adjust for declining mean fecundability over time of couples who had not yet conceived (17) . The model used was: ln{pd = where p k is the conception rate for cycle k and the X, are explanatory variables. The models were fit using the SAS GENMOD procedure (21) . The measure of effect is the fecundability ratio, similar to a risk ratio or hazard ratio, which estimates fecundability for the exposed group divided by that of the unexposed group (22) . Values less than 1.0 indicate a reduced probability of conception among the exposed. Women who reported a time to pregnancy of longer than 12 months were right-censored at 13 months (23), since clinical intervention for infertility generally begins after 12 months, which precludes examination of other risk factors. Because multiple pregnancies per couple were included in this analysis, the assumption of independence may have been violated, causing the variance estimates to be slightly underestimated.
RESULTS
From 7,379 farms listed in the Census of Agriculture, 2,693 eligible farms were identified. The majority of farms excluded either did not meet the farm eligibility criteria or the farm couple eligibility criteria; only a small fraction (7 percent) were excluded due to refusal. The screening telephone call to eligible farms identified 2,946 eligible couples, among whom 1,898 (64 percent) completed all three questionnaires (farm operator, husband, and wife) and provided information about 5,853 pregnancies. Of the eligible couples, 31 percent refused one or more questionnaires, 3 percent were ineligible, and 1 percent could not be contacted.
Of the 5,853 pregnancies among respondents, 3,039 (52 percent) were excluded as unplanned pregnancies (either due to contraceptive failure or no contraceptive use, but no pregnancy was desired); 41 (0.7 percent) were excluded due to the use of fertility drugs; 158 (3 percent) were excluded because the date of starting to try to conceive occurred more than 1 year before the date of marriage, and it was therefore unclear whether the current husband was also the father; and eight (0.1 percent) were excluded due to missing or invalid information for time to pregnancy, leaving 2,607 (45 percent) pregnancies among 1,277 couples for analysis. The couples in this sample were predominantly white, were age 30 years or younger, and had an income per family member of between 5,000 and 14,999 Canadian dollars per year (table 1) . Fifty-eight percent of pregnancies were to couples who had discontinued oral contraceptives before trying to conceive. Sixty percent of the conceptions occurred within the 10 years before the questionnaire was completed. The majority of pregnancies were conceived fairly quickly (median time to pregnancy, 3.6 months).
Results of smoking analysis
Women smoked cigarettes during the time they were trying to conceive for 21 percent of pregnancies, and men smoked for 27 percent of pregnancies (table  2) . Overall, men tended to smoke more heavily than women. Smoking status of the husband and wife, as well as the number of cigarettes smoked per day, were positively correlated (r = 0.36 for smoking status and r = 0.32 for cigarettes per day). However, having a spouse who smoked did not affect the mean number of cigarettes per day among smokers (mean, 20 and 19 cigarettes per day for male smokers with smoking and nonsmoking spouses, respectively; mean, 14 and 13 cigarettes per day for female smokers with smoking and nonsmoking spouses, respectively).
Among pregnancies in which neither the man nor the woman smoked while trying to conceive, 14 percent were to female ex-smokers and 13 percent were to male ex-smokers. The mean time between quitting smoking and trying to conceive was 4.5 years for women and 5 years for men. Table 3 shows results for smoking and time to pregnancy. Female smokers were 83 percent as likely as nonsmokers to conceive in a given cycle (95 percent CI 0.76-0.90). Similarly, couples in which the man smoked were 84 percent as likely to conceive as nonsmokers (95 percent CI 0.78-0.91) (table 3) . When spouse's smoking was controlled for, woman's age when beginning to try to conceive and recent oral contraceptive use slightly increased these fecundability ratios to 0.90 (95 percent CI 0.82-0.98) for women and 0.88 (95 percent CI 0.81-0.95) for men. Fecundability decreased with increasing number of cigarettes smoked per day by women, with no effect for light smokers and decreasing fecundability ratios for heavier smokers (table 3) . In men, a clear dose-response pattern was not seen; in fact, pregnancies in which the man smoked 6-10 cigarettes per day had slightly increased fecundability. There was no independent effect of packyears after controlling for age and number of cigarettes per day for either women or men (data not shown).
For pregnancies in which only one spouse smoked, fecundability was slightly decreased (table 3), but for pregnancies in which both spouses smoked, a notably greater decrease in fecundability was found (fecund- ability ratio = 0.77, 95 percent CI 0.68-0.86). Women who smoked more than 10 cigarettes per day and had a nonsmoking husband had a 12 percent decrease in fecundability; similarly, men who smoked more than 10 cigarettes per day and had a nonsmoking wife had an 11 percent decrease in fecundability (table  4) . However, couples in which both spouses smoked more than 10 cigarettes per day had a 28 percent decrease (fecundability ratio = 0.72, 95 percent CI 0.62-0.84) (table 4).
Ex-smokers had fecundability similar to that of never smokers, even for ex-smokers who quit within 1 year of starting to try to conceive (fecundability ratio = 1.00, 95 percent CI 0.78-1.12 for women and fecundability ratio = 0.98, 95 percent CI Oi for men) (not shown).
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Results of caffeine analysis
Almost all respondents reported some caffeine consumption at the time of the questionnaire (table 2) . Among respondents who drank caffeinated beverages, almost one third of women and men reported at least 100 mg of caffeine per day (the amount of caffeine in one cup of coffee), another third drank between 101 and 300 mg caffeine per day, and 12 percent of women and 16 percent of men reported more than 500 mg caffeine per day.
A slight increase in fecundability among women and a slight decrease among men was found when caffeine drinkers were compared with complete abstainers (table 5) . However, because 96 percent of the respondents reported some caffeine consumption, low (^100 mg caffeine per day) versus high (>100 mg caffeine per day) consumption was also examined; no association with fecundability among men or women was observed using this cutpoint (table 5) . When women's and men's smoking was controlled for, spouse's caffeine consumption, recent oral contraceptive use, and woman's age had little influence on these associations. There was no dose-response gradient for caffeine consumption among women or men (table 5) , nor were there interactions between women's and men's caffeine consumption or between caffeine consumption and cigarette smoking (not shown).
Consumption of each of the three beverages, with caffeinated and decaffeinated combined, was also analyzed. Women's coffee consumption was associated with a slight decrease in fecundability (fecundability ratio = 0.92, 95 percent CI 0.84-1.00) (table 6). For female tea and cola drinkers and male coffee, tea, and cola drinkers, there was no overall association with fecundability. However, consuming more than three cups of tea per day was associated with decreased fecundability in men (fecundability ratio = 0.85, 95 percent CI 0.69-1.05).
Results of alcohol analysis
Alcohol was consumed while trying to conceive by 41 percent of women and 65 percent of men (table 2) . There was no association between alcohol consumption and time to pregnancy among men or women (table 7) . Overall there was no dose-response gradient among either men and women, and there was no association between the type of alcohol (beer, wine, or liquor) consumed and decreased fecundability. However, there were decreases in fecundability for women who drank more than two glasses of wine per week (fecundability ratio = 0.89, 95 percent CI 0.73-1.08) and among men who drank more than 10 glasses of beer per week (fecundability ratio = 0.88, 95 percent Cl 0.75-1.02) or more than six glasses of liquor per week (fecundability ratio = 0.87, 95 percent Cl 0.71-1.06) (data not shown).
DISCUSSION
These results show that cigarette smoking among women is associated with decreased fecundability (fecundability ratio = 0.90, 95 percent Cl 0.82-0.98), including a dose-response effect (fecundability ratio = 0.74, 95 percent Cl 0.59-0.92 for >20 cigarettes per day). These findings are consistent in direction and magnitude with three previous studies, which have found a decrease in fecundability (fecundability ratios of 0.72-0.86) (5, 6, 10) , but are inconsistent with a study that found increased fecundability for female smokers (fecundability ratio = 1.4, 95 percent Cl 0.9-2.2) (11). The current analysis adds to the relatively consistent findings of previous studies, which show decreased fecundability among female smokers.
This analysis also shows a negative effect of male smoking on fecundability (fecundability ratio = 0.88, 95 percent Cl 0.81-0.95). Paternal smoking has been shown to increase the risk of couples taking longer than 6 months to conceive (7) . However, four studies have found no effect of male smoking on fecundability (5, (9) (10) (11) . A prospective study found increased fecundability among men who smoked 1-10 cigarettes per day (fecundability ratio = 2.1, 95 percent Cl * Owing to missing caffeine information, 2,478 pregnancies (94%) were available to assess the effects of women's caffeine exposure, and 2,449 pregnancies (92%) were available to assess men's caffeine exposure.
t FR, fecundability ratio; Cl, confidence interval. t Acljusted for spouse's caffeine, men's and women's smoking, nscent oral contraceptive use, and woman's age when beginning to try to conceive. * Owing to missing alcohol information, 2,522 pregnancies (95%) were available to assess the effect of women's alcohol consumption, and 2,353 pregnancies (89%) were available to assess men's alcohol consumption.
t FR, fecundability ratio; Cl, confidence interval. $ Adjusted for spouse's alcohol use, woman's age when beginning to try to conceive, recent oral contraceptive use, and men's and women's smoking.
§ 1 fluid ounce -29.574 ml.
1.2-3.5), but no association for greater than 10 cigarettes per day (11) . This increase in fecundability with moderate smoking is similar to the pattern found for male smoking in the current analysis. Cigarette smoke has been shown to affect sperm density, motility, and morphology in laboratory and animal studies (24) (25) (26) , making an effect on fecundability plausible. Men's smoking may also affect fecundability through secondhand smoke exposure of women. While these data suggest an association between male smoking and decreased fecundability, the effect was not related to the amount smoked. Caffeine consumption among women was not associated with decreased fecundability in these data, even at higher doses (>500 mg/day). These caffeine results are inconsistent with several previous reports that have found a 50 percent reduction in fertility for women who drank more than one cup of coffee per day (13), a twofold risk for reported "difficulty in becoming pregnant" among women who drank more than seven cups of coffee per day (14) , an 80 percent increased risk in failure to conceive within 1 year among women who drank four or more cups of coffee per day (15) , and a 27 percent reduction in the per cycle fertility rate for women who ingested more than 300 mg of caffeine per day (12) .
However, a prospective study found increased fecundability in women who drank moderate amounts of caffeine compared with those with a low caffeine intake (fecundability ratio = 2.1, 95 percent Cl 1.2-3.7) (11). Another study found no association between consumption of 7,000 mg of caffeine per month and decreased fecundability, compared with consumption of 500 mg of caffeine or less per month (16) . This second study shares a major limitation with the current analysis, which is the timing of caffeine assessment relative to the time of trying to become pregnant. Both studies were retrospective and asked about caffeine intake at the time of the interview. In the current study, the mean time between the questionnaire and the date of conception was 9 years (range, 1 month to 26 years), which may have led to substantial misclassification of caffeine exposure while trying to conceive. Caffeine consumption is a behavior that often fluctuates over time. One study reported that many women decreased their caffeine consumption during the first 3 months of trying to conceive (27) . In contrast to tobacco use, which may be more stable and amenable to accurate recall, valid assessment of caffeine consumption may require prospective data collection.
Caffeine consumption by men did not have an effect on time to pregnancy in these data. One previous report found a negative effect of male caffeine intake only for those who drank more than 700 mg of caffeine per day (fecundability ratio = 0.60, 95 percent Cl 0.30-0.97) (11) .
Each beverage was also examined, regardless of caffeine content. Female coffee drinkers had a slight decrease in fecundability, in contrast to a previous report of no effect in coffee drinkers (8) . Higher tea consumption (>3 cups per day) among men was associated with increased time to pregnancy, which is consistent with one other study (16) and may be due to tannic acid concentrations in tea (28) . There is no reason to suspect bias in recall of tea consumption, given the lack of public perception of reproductive hazards from tea.
These data show little effect of alcohol on fecundability, except perhaps at the highest levels of consumption, consistent with prior studies (3, 5, (11) (12) (13) 17) . As with caffeine, the amount of alcohol that was consumed specifically during the time of trying to conceive was not known, but changes in alcohol consumption over time were examined. Drinking habits were quite stable between the time the respondents were first married and the time of the questionnaire. When alcohol consumptions as reported when first married and at the time of the questionnaire were examined separately, results were similar to those presented here.
Ideally, data on time to pregnancy would be gathered prospectively using monthly information on menstrual periods, regularity of cycles, contraception, and coital frequency (1) . This study used one retrospective question to ascertain time to pregnancy. However, two validity studies found that time to pregnancy can be accurately ascertained retrospectively with only a few questions (29, 30) . The questionnaire asked for time to pregnancy in either cycles or months, and we had to assume the units of time to pregnancy were the same for all respondents. Information on coital frequency was not available, but fecundability studies that have controlled for coital frequency have found only weak associations (13) .
This study population of farm couples may not be representative of the general population because of demographic and behavior factors. However, the proportion of unplanned pregnancies is consistent with United States data (57.3 percent of all pregnancies and 40.1 percent of pregnancies among married women are unintended) (31) . In addition, the rate of conception falls within the range of other fecundability studies (5, 12, 16) .
There are a number of potential biases that may have influenced these results. Because more than one pregnancy per couple was included, the assumption of statistical independence of observations was potentially violated. To avoid this, we repeated each analysis including only first births; results were not substantially different from those reported above. However, correlation between the first and most recent pregnancies (among couples with more than one pregnancy) would suggest that time to pregnancy across pregnancies is not independent (Spearman correlation r = 0.43).
Many of the questionnaires were completed years after conception (table 1) . Therefore, to evaluate recall bias, each analysis was repeated for those conceptions that had occurred no more than 10 years before the questionnaire date (60 percent of pregnancies), and results were similar to those reported above. While there was evidence for digit preference in reported months of time to pregnancy, particularly at 6 and 12 months, this pattern did not vary by time between conception and questionnaire.
There are also a number of potential biases inherent in analyses of time to pregnancy (20) . Inclusion of only planned pregnancies may have biased these results if couples who did not plan their pregnancies had different distributions of health-related behaviors compared with those who planned, since nonplanners include extremely fecund couples with contraceptive failures. However, the exposure patterns of couples with planned pregnancies and those with "accidental" pregnancies (those who conceived while using contraception) were similar for smoking, caffeine consumption, and alcohol intake.
A different form of selection bias may come from inclusion of only women who ultimately became pregnant. Sterile couples are excluded by definition, and more severely subfecund couples are underrepresented, since some undoubtedly did not conceive within the period of data collection and were therefore not included in the study sample. If the exposure is associated with sterility or more extremely extended times to pregnancy, then selecting only couples who have been pregnant will bias results toward the null (1) . A third potential bias, "wantedness bias," may occur if contraceptive failures are reported as planned pregnancies conceived during the first month of trying and if women who report this way are more or less likely to be exposed. This was examined by excluding the cycle one data, and the results did not change.
These study results are consistent with previous studies that found a detrimental effect of women's smoking on fecundability. These results also show that moderate, but not light, smoking in men is associated with decreased fecundability as well. The results for caffeine consumption add to the contradictory literature on this question, since no effect of caffeine consumption on fecundability was found; however, the results may be biased by misclassification of caffeine exposure. The decrease in fecundability found among women coffee drinkers and men who drank more than three cups of tea per day may not be due to caffeine, but may be a result of other substances in these beverages. No associations were found for alcohol intake and time to pregnancy; however, there were suggestions of decreased fecundability among those who drank more heavily. While light drinking does not seem to be a risk factor for decreased fecundability, this question could be addressed more effectively in a population with a higher proportion of heavy alcohol drinkers.
